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ABSTRACT 
Seismic refraction profiles obtained by ship-to-shore 
recording in the Gulf of Maine, and the velocity distribution 
in the upper part of the earth*s crust, inferred from these 
profiles, are described. The surface layer has a velocity of 
5,34 kra/sec, and extends down to a depth of 5*1 km at Falmouth 
Maine, Beneath, a layer with a velocity of 6,25 km/sec is 
found to slope upward to the east at 3° over a distance of at 
least 80 km, A layer with a velocity of 7*5 km/sec appears at 
a depth of 16,7 km at Falmouth, Maine, The unusual submarine 
topography beneath the course of the shot boat is illustrated. 
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I Introduction 
On August 11, 1949, the USS Mentor (PYC) steamed eastward 
across the Gulf of Maine on the course shown in Figure I, and 
detonated 300-pound depth charges at half-hour intervals. The 
shot times and positions are given in Table I. Three portable 
seismograph stations recorded the seismic waves generated by 
these explosions. The locations of these stations at Falmouth 
near Portland, Maine, on Mt. Desert Island, Maine, and at Crowell, 
Nova Scotia, are also shown in Figure I. A fourth station located 
on a vessel off Matinicus Rock was inoperative because of equip¬ 
ment failure. 
Between the Portland Lightship and Matinicus Rock, including 
shots 1 through 13, the course was well marked by several fixes 
on buoys and prominent shore marks. On this portion of the course, 
the seismic results and the interpretation based on a modified 
reverse profile are fairly reliable. However, east of Matinicus 
Rock, neither visual nor Loran fixes could be obtained and the 
navigation, based on previously determined speed, was entirely 
by dead reckoning. The failure of one of its engines prevented 
the Mentor from continuing its run across the Gulf of Maine and 
obtaining a fix at the Lurcher Shoal Light, the eastern end of 
the course. Therefore, on this portion of the course the seismic 
results are subject to considerable uncertainty. 
The recording station instruments, including seismometers, 
amplifiers, chronometers, radios, and power supply, as well as 
% 
recording procedures, are described by Luskin et al. in Technical 
Report No. 10. Typical seismograms obtained at each recording sta¬ 
tion at various distances are shown in Figure II. 
II Falmouth to Mt, Desert Island Profile 
a. Data 
The data obtained by the Falmouth and Mt, Desert Island 
recording stations are shown in Columns 1 and 2 of Table II and 
Figures III and IV, 
The travel times of shots 1 and 2 at Falmouth, together 
with the origin, indicate a surface layer with a velocity of 
5,34 km/sec. Beyond shot 2 occurs the first break in the travel 
time curve. The combined data of the Falmouth and Mt, Desert 
Island stations indicate that the refracting surface has a small 
dip to the west. Since these two stations were not in line with 
the course of the shot boat, a simple reverse profile could not 
be worked out. This will be discussed further below. However, 
the dip is small, and the stations were not far off the shot 
course; hence, we may use a straight line* to represent the por¬ 
tion of the Falmouth travel time curve between shots 3 (36,6 km) 
and 11 (97 km); 
1.0 
where X and T are in kilometers and seconds, respectively. The 
apparent velocity is 6.49 km/sec ; the intercept 1.0 sec. 
At a distance of 103.8 km, there is a further break in the travel 
time curve. The tra,vel time for shots 13 through 15 is; 
T r + 3.4 
7.54 
giving a velocity of 7.54 km/sec and an intercept of 3.4 seconds. 
* For the method of analyzing the data, see Wald (1940). 
3. 
The Mt. Desert Island travel-time curve (Figure IV) 
consists of two branches, the shots to the west of the recording 
station falling along the upper branch (shots 5 through 14). The 
travel time for this branch is 
X 
5709 + .38 
giving an apparent velocity of 6.09 km/sec and a time inter¬ 
cept of .38 seconds. The lower branch of the curve will be dis- 
cussed in Section III. 
b. Interpretation 
As indicated, when the recording stations are not in 
line with the course of the shooting boat, the interpretation can 
* 
no longer be made along the lines of a simple reverse profile, 
because for each recording station the travel time is a function 
of the bearing of the shot, of the dip, strike, depth and velocity 
of the refracting layer, and of the horizontal distance between 
recorder and shot. Although no direct analytical or geometrical 
means for computing these quantities from the observed travel time 
curves has yet been found, a relatively simple method, suggested 
by Professor M. Ewing, has been developed and used for this pur¬ 
pose. 
It may easily be shown (see Appendix) that for the two 
layer case, with a compressional wave velocity for the upper 
layer, V£ and dip angle d for the lower layer, the general travel 
time for a refracted seismic wave is 
T = X . , . 2D cos i 
Vj sin (1 + n) + -yj- 
Here n, the apparent dip angle at azimuth a, is given by 
n - arc sin (cos a sin d) 
a) 
u. 
where a is measured from the dip line drawn up-slope through the 
fixed station (the recording station in this case) and the critical 
angle of refraction is 
i - arc sin 
~2 
D is the perpendicular distance of the fixed station to the re¬ 
fracting horizon. The minus sign is used when the moving station 
(the shot boat in this case) is up-slope from the fixed station. 
Defined as the reciprocal of the slope at a particular 
point of the travel-time curve between a fixed and a movable sta¬ 
tion, the apparent velocity Va is obtained from (1) and is given 
by 
VA = 1 
3in (i t n) 
It should be noted that in the conventional case of shot course 
(2) 
in line with the receiving station (or the geophone spread in line 
with the shot) the apparent velocity of a plane refracting horizon 
is constant (i.e. a straight line). On the other hand, in this 
case, as a result of its dependence on the azimuth a through the 
apparent dip angle n, the apparent velocity V changes from point 
to point along the travel-time curve. 
By plotting a family of curves of V& as a function of a, 
for an assumed set of values V^, V2, and d. Figure V is obtained. 
These lines have all been drawn through the origin, and therefore 
apply to the case of the fixed station directly on the refracting 
horizon; i.e., D = 0. The second term of equation (1) shows that 
the depth D from the fixed station to the refracting horizon can 
be taken into account by adding a constant, which is independent 
of the azimuth of the shots and of the dip of the refracting 
horizon, to the value of the travel time given by the first term. 
The procedure for analyzing travel-time data obtained 
from a movable station whose course is not in line with one or 
more fixed stations (or a spread of geophones which is not in line 
with one or more shots) should now be clear. From the close 
points one obtains the velocity of the top layer. By carefully 
examining each travel-time curve beyond the first break, one can 
determine approximately the direction of dip of the lower layer. 
A reasonable guess is made for the value of dip d and velocity V2 
of the lower layer. Using these values. Figure v is obtained as 
explained above. For the distance corresponding to each shot 
point, one picks the travel-time from Figure V , assuming zero 
depth for the refracting horizon beneath the fixed recording 
station. Thus one obtains a travel-time curve for each recording 
station. To each of the travel-time curves a different constant 
is added to achieve the best fit. This constant is equal to 
(2D cos i)/V^ and enables one to solve for D, the depth to the 
refracting horizon. The geometry of the position in space of 
this refracting horizon as determined by the value of D at each 
recording station is checked. In practice, several different sets 
of values of V2, d, and strike have to be tried before a consist¬ 
ent and plausible fit is found. The more fixed stations, the more 
reliable the final determination of the constants. 
The constants z 5*34 km/sec, V2 z 6.25 km/sec, d = 3° 
were found to give the best fit for the data of Falmouth and Mt. 
Desert Island, and were used in obtaining Figure v # Assuming a 
strike of North 4° West, the computed travel times and the 
difference between observed and computed travel times for shots 3 
through 12 at Falmouth and shots 5 through 14 at Mt. Desert Island 
are shown in columns 4 and 5 of Table III. The residual travel 
times shown in the last column of Table HI are obtained by subtracting 
tc = 0.98 seconds to column 5 for the Falmouth data and tc = 0.43 
seconds to column 5 for the Mt. Desert Island data. It appears 
that these residual travel times are all quite small, not exceeding 
0.13 seconds. 
The vertical depths to the lower layer, obtained from the 
formula 
2 cos i cos d c 
are, using the above values of tc, 
H : 5.1 km, at Falmouth 
H - 2.2 km, at Mt. Desert Island. 
These depths are consistent with the assumed strike and slope of 
the 6.25 km/sec layer. 
As shown in the lower section of Table III, the residual travel 
* 
times for shots 13 through 15 at Falmouth and shots 1 through 4 at 
Mt. Desert Island are all negative, indicating that the arrival is 
earlier than expected on the basis of a westerly dip in the 6.25 km/ 
sec layer. The explanation for this may lie either in a change 
of dip or in an underlying higher velocity layer. 
The Falmouth data of shots 13 through 15 fall well along a line 
with an intercept of 3*4 seconds and a velocity of 7.5 km/sec. 
three horizontal layers the time intercept becomes 
For 
giving 11.6 km for the thickness of the intermediate layer at 
Falmouth• 
The Mt. Desert Island data of shots 1 through 4 do not fell 
along a straight line and there appears to be no way to choose be¬ 
tween the alternative explanations of the early arrivals at Mt. 
Desert Island. 
No consistent and conclusive interpretation of later arrivals 
! 
on the seismograms has been made. 
HI Mt. Desert Island to Crowell Profile 
The lack of Loran and visual fixes east of Matinicus Rock 
(shot 13) makes the navigation of the shot boat unreliable during 
this portion of the traverse. As a result the error in the loca¬ 
tion of shots 14 through 30 exceeds that for shots 1 through 13# 
The presence of strong tides and the use of dead reckoning based 
upon previously determined speed make the uncertainty in the shot 
boat position quite large. A cumulative error in position would 
affect both the apparent velocity and the time intercept at 
Crowell. At Mt. Desert Island it would result in a travel-time 
curve having a different slope and intercept for the shots east 
and west of Matinicus Rock, as observed. 
The interpretation of the Falmouth - Mt. Desert Island data 
given above led to the existence of a layer underlying the top 
layer and dipping 3° to the west. If this layer continues to the 
east of Matinicus Rock, the travel-time for rays refracted along 
this layer to the Mt. Desert Island station would also closely 
resemble the observed travel-time curve, at least within about 
10 miles east of Matinicus Rock. At this distance the lower layer 
would appear at the surface, making the geometry of this simple 
interpretation impossible beyond shot 14. From the data obtained 
in this study there appears to be no way to separate the effect 
of a cumulative navigational error from the effect of a small 
regional dip in the lower layer, for the portion of the profile 
east of shot 14. 
The original Crowell data, shown in Table II and Figure VI 
for shots 25 through 30, are well represented by the travel time 
equation 
T - X + 1.97 
5.95 ± .24 
giving an apparent velocity of 5.95 i .24 km/sec and an intercept 
of 1.97 seconds. 
In column 2 of Table II a correction, taking into account the 
known speed and direction of tidal currents, and assuming a nega¬ 
tive correction of 0.5 knots to the speed of the shot boat, was 
applied to the positions of shots 14 through 30. These correc¬ 
tions resulted in bringing the lower branch of Figure IV closer 
to the upper one, as shown in Figure Vll, and in reducing the 
velocity and intercept observed at Crowell as shown in Figure VI. 
The corrected travel time for Crowell becomes 
T = X f 0.6 
5^0 
giving a velocity of 5.SO km/sec and an intercept of 0.6 seconds. 
In view of the uncertainty in the navigational data and the 
impossibility of separating the effect of navigational error 
and regional structure, no conclusions on crustal structure are 
made on the basis of this profile. 
* Current Tables, Atlantic Coast, North America, 1949, p. 13, 
U. S. Department of Commerce, Coast and Geodetic Survey. 
IV Comparison with Other Investigations 
Crustal columns of North America and central Europe show 
(Figure VIII) a range of velocities for the superficial layer 
from 4.4 km/sec to 6.17 km/sec and of thicknesses from 9 km to 
18 km. For the superficial layer we have found a velocity of 
5.34 km/sec and a thickness of 5*2 km. 
The velocities shown for the intermediate layer range from 
5.95 km/sec to 7*6 km/sec, with depths to the bottom of the layer 
from 23 km to 40 km. For the intermediate layer we have found a 
velocity of 6.24 kra/sec to a depth of 16.5 km. This layer may 
well correspond to the superficial layer found by Leet (1941), 
Hodgson (1947), Gutenberg (1943) to extend down to approximately 
17 km. 
Beneath this we have found a velocity of 7.5 km/sec, as com¬ 
pared with a range of 6.05 - 7.7 kra/sec found by other investiga¬ 
tions. No information on deeper layering was obtained. 
One explanation, to which the result of this investigation 
lends support, for the relatively wide range of observed veloci¬ 
ties and thicknesses, is the existence of a dip in the crustal 
layers. For lack of reverse profiles, a departure from horizontal 
layering could perhaps not be taken into account in most previous 
investigations. Such a departure from horizontal layering might 
become particularly appreciable near a continental margin. 
V Depth Soundings 
The USS Mentor was equipped with an ultra-sonic fathometer, 
which obtained continuous soundings beneath the shot course across 
the Gulf of Maine. A plot of these soundings, shown in Figure 
IX A, brings out the remarkable change in bottom topography east 
of shot 20. While the profile is very irregular to the west of 
shot 20, it is smooth and has a very gentle slope to the east of 
shot 20. The deepest point is found near shot 25 at a depth of 
520 feet. 
Upon its return, the USS Mentor followed course CD, shown in 
Figure 1, and obtained the profile of Figure IX B. Where the re¬ 
turn echoes from the bottom are weak and the first arrival uncertain 
the profile is shown in a broken line or completely omitted. 
APPENDIX 
In the plan view of Figure 
up-slope and at & distance 
X from the fixed recording 
station. The bearing of 
the shot, a, is measured 
from the dip line drawn up- 
slope through the recording 
station. 
Figure b shows the vertical plane, perpendicular to the 
strike of the lower layer. The upper layer has a compressional 
wave velocity V^, and the 
lower layer a compressional 
wave velocity Vg and dip 
angle d. The perpendicu¬ 
lar distance from the fixed 
recorder to the lower layer 
is D. The distances shown 
are easily obtained from 
Figure a. 
The projection of a portion of Figure a onto the bedding 
plane is shown in Figure c. 
It is not difficult to show 
that sin n - cos a sin d. 
n may be thought of as the 
apparent dip of the lower 
layer at bearing a. X cos n 
D - X cos a sin d 
Figure b 
a, the movable shot station is 
Figure c 
13. 
is the shortest distance in the lower layer between the two lines 
which are perpendicular to the lower layer and drawn through the 
shot and recording stations respectively. 
Combining Figures a, b, 
path which a critically 
refracted ray follows. 
The critical angle of re¬ 
fraction i is given by 
sin i I ^3/^2* The plane 
of this ray is not vertical. 
It can be verified that the 
travel time for this ray is 
and c, Figure d shows the complete 
Figure d 
T = sin (i - n) + ^ -°03 i 
By carrying through the same construction for the shot down 
slope from the recorder, it can be easily shown that, except for 
a change of sign, the travel time remains the same. The general 
formula is 
T = $- sin (i + n) + 
V1 
2D cos i 
where the plus sign is used for the fixed station up-slope from 
the moving station. The bearing a, the dip angle n, and there¬ 
fore the apparent velocity V = V]/sin(i + n) all change for each 
shot* As explained in Section II b, the use of Figure V derived 
from equation (1) provides a convenient method for computing the 
travel time curve for a shot course at an arbitrary angle to the 
strike of the lower layer. Only when the recording station is in 
line with the shot course and the travel time is a straight line 
does the constant term (2D cos i)/V^ become the intercept of the 
time-axis. However, for shot distances large compared with the 
perpendicular distance between the shot course and the recorder, 
the travel time curve will approach asymptotically that which would 
be obtained if the recorder were in line with the shot course. 
TABLE I 
Shot Times and Positions, August 11, 1949 
Shot Position 
Shot No* Shot Time EST Lat. N Long. W 
1 05:01:39.86 43°31.7' 70°01.9* 
2 05:30:31.84 43°32.7' 69°55.7' 
3 06:00:20.76 43°33.6' 69°49.6' 
4 06:30:48.89 43°34.6' 69°43.5' 
5 07:00:12.75 43°35.4' 69°37.1' 
6 07:29:59.30 43°36.3' 69°31.2' 
7 08:00:11.98 43°37.4' 69°25.0* 
8 MISFIRE 43°38.3' 69°18.8' 
9 09:00:00.29 43°39.2' 69°12.8» 
10 09:30:08.63 43 40.3' 69°06.6« 
11 10:00:17.95 43°41.3' 69°00.5' 
12 10:30:27.89 43°42.6' 68°54.1' 
13 11:00:21.38 43°43.7* 68°48.2* 
14 11:30:20.23 43°43.9' 68°41.7' 
15 12:00:03.39 43°44.2' 68°35.3' 
16 12:30:12.40 43°44.2' 68028.7' 
17 13:00:17.62 43°44.4> 68°22.3' 
18 13:30:30.58 43°44.6' 68°15.8t 
19 14:00:01.89 43°44.8' 68°09.2» 
20 14:30:05.79 43°44.9' 68°02.7' 
21 15:00:01.44 43°45.1' 67°56.6' 
22 MISFIRE 43°45.3' 67°50.5' 
23 16:00:09.88 43°45.4' 67°44.5' 
24 16:30:04.36 43°45.5' 67°38.5' 
25 17:00:11.71 43°45.7' 67°32.4' 
26 17:30:13.49 43°45.8' 67026.1* 
27 18:00:05.73 43°45.9' 67°20.0« 
28 18:30:14.52 43°46.2' 67°14.0' 
29 MISFIRE 43°46.2' 67°07.9' 


































Data for Falmouth, Mt. Desert Island, and Crowell Recording Stations 
Falmouth, Me. Mt. Desert Island, Me. _Crowell, N. S, 
Travel Corr. Travel Corr. Travel Corr. 
Time Dist. Dist. Time Dist. Dist. Time Dist. Dist, 
(sec.) N.M. N.M. (sec«) N.M. N.M. (sec.) N.M. N.M. 
4.94 14.2 26.10 85.4 
5.8 16.6 24.79 81.2 
6.67 19.8 23.59 76.8 
7.67 23.2 22.23 72.6 
8.77 27.2 21.19 68.3 
9.94 31.3 20.02 64.2 
11.08 35.2 18.85 60.2 
M I S F I R E M I S F I R E 
13.59 43.8 16.14 52.0 
14.78 48.2 15.05 48.1 
16.08 52.6 13.9$ 44.3 
17.32 57.3 12.65 40.3 
18.55 61.6 11.54 36.9 
19.62 66.1 65.9 10.74 34.1 33.6 
20.83 70.8 70.4 10.07 32.0 31.0 
9.46 30.5 29.2 
9.29 29.6 28.0 
9.14 29.4 27.8 
9.27 29.9 28.4 
9.44 31.2 29.7 
9.80 33.0 31.5 
yii SEI R E 
11.12 37.9 36.4 
• 12.20 40.8 39.3 
13.22 44.0 42.6 28.27 84.5 86.3 
14.30 47.3 45.8 26.91 80.1 82.05 
15.21 50.9 49.3 25.50 75.75 77.85 
16.19 54.6 52.9 24.20 71.5 73.75 
M I S F I R E M I S F I R E 































Computed Compared with Observed Travel Times 
Observed 
Dist, Travel Travel - comp. Residual 
in Time Time Travel Travel 
N.M, Observed Computed Time Time 
19.8 6.67 5.74 +0.93 -0.05 
23.2 7.67 6.67 +1.00 +0.02 
27.2 8.77 7.SO +0.97 -0.01 
31.3 9.94 9.02 +0.92 -0.06 
35.2 11.08 10.09 +0.99 +0.01 
M I S F I R E 
43.8 13.59 12.60 +0.99 +0.01 
48.2 14.78 13.83 +0.95 -0.03 
52.6 16.08 15.07 +1.01 +0.03 
57.3 17.32 16.44 +0.88 -0.10 
68.3 21.19 20.81 +0.38 -0.05 
64.2 20.02 19.51 +0.51 +0.08 
60.2 18.85 18.27 +0.58 +0.15 
M I S F I R E 
52.0 16.14 15.78 +0.36 -0.07 
48.1 15.05 14.59 +0.46 +0.03 
44.3 13.98 13.42 +0.56 +0.13 
40.3 12.65 12.20 +0.45 +0.02 
36.9 11.54 11.13 +0.41 -0.02 
34.1 10.74 10.25 +0.49 +0.06 
85.4 26.10 26.02 +0.08 -0.35 
81.2 24.79 24.73 +0.06 -0.37 
76.8 23.79 23.40 +0.39 -0.04 
72.6 22.23 22.10 +0.13 -0.30 
61.6 18.55 17.65 +0.90 -0.08 
66.1 19.62 18.95 +0.67 -0.31 
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